In this work we explain how can we use usual finite elements to solve curved thin plates which are simply supported.Numerous examples have been treated by different finite elements. Results are very satisfactory.
FORMULATION OF THE PROBLEM
2 Consider a thin elastic plate with middle surface given by the domain SZ C R with boundary F and acted upon by the transversal load q , see Fig.1 . Fig.1 The middle surface of the plate Assuming small deflection and a linearly isotropic elastic material, the plate problem is to find the deflection w which satisfies the fourth order partial differential equation : is an essential boundary condition which must be included in the finite element data. As for the second condition M n = 0 , we know that it is a 'natural' one, which means that it is not included in the data needed For finite elemenet solutions, and it will be satisfied naturally by the Finite element solution [ 1 ] Let [ 2 ] , and Nagtegaal and Slater element [3] . Unfortunately the majority of plate elements have these derivatives as degrees of Freedom and one of the aims of this paper is to solve this problem.
The second problem is a serious one. In Fact, imposing w = 0. along F makes a n not going to solve this problem This is known as Babutka paradox [4] . We are that imposing w = 0 along directly , but we pay the attention to the fact a w have -= 0 and consequently occurs in the limit , and so we actually do not a tz 2 a2 ,),/ will not be zero. a n as well. The second condition M n = 0 implies a n a t 
HOW TO IMPOSE THE BOUNDARY CONDITIONS
The essential boundary condition for simply supported plates is w = 0 along 8 w the boundary. This condition necessitates -= 0.along the same boundary .
a t
When curved boundary is approximated by 'straight-edged' polygon ,the imposition ition of -a -T = 0 at inter-element boundaries, means that at a typical boundary a w a w node A: -aLt-7972= 0 for two different directions r; and t 2 (see Fig.2 ). This a w implies = 0 as well.Thus, we are actually satisfying the clamped boundary condition!. In order to avoid this situation, one could think of imposing a a w =0 at a typical boundary node but differentiating this time in the ' exact' t direction of tangent to boundary ( see Fig 2 ) This approach will be named 'imposed', and leads -as will be seen later -to wrong results. This can be explained as follows: as the mesh is refined, at a typical node A, both w and as w aw aw are imposed to be zero and both converge to zero as A l and a t a t i a t, A2 approache A.Once more, clamped boundary conditions are achieved but this time in the limit. support boundary condition will be named 'relaxed' where we impose only w = 0. The numerical results of our work supports this approach. It remains to mention that the use of curved Finite elements [ 8, 9 ,J is the best way Unfortunately , the existing finite element codes do not contain such elements (we speak of course about the most common famous codes).One of the aims of this work is how to solve simply-supported curved-edged thin plates using these codes.
APPLICATIONS
We are going to discuss three cases: case 1. a simply supported circular plate case 2. a. simply supported elliptical plate case 3. a parabolic plate simply supported along its curved part Case 1 A Simply Supported Circular Plate (Fig.3) :
The analytical solution of a uniformly loaded simply supported circular plate is well known [ 10 J:
+ v )a -r The finite element solution of this problem is given in Table 1 Fig .3 Simply supported circular plate. A sector of vertix angle 7r/6 is discretized and symmetry is exploited limit. Since the convergence of first (second)derivatives is one (two)order of magnitude less than that of the function [ 6,12], we expect that the condition a w -0 will not be satisfied. This last approach of handling the simply Due to the fact that the deflection w is independent on the an gle 6 , the imposition ition of = 0 along the boundary 'imposed' boundary condition) will not influence the results. As it is clear From Table 1 and Fig .4 , converg ence to• the exact solution occurs without difficulty. As we see from Tablet there is a slight difference between 'imposed' and 'relaxed' boundary conditions. An important remark can be seen from Fig 6 : Convergence occurs to a solution which is close to the exact one but not to the 'exact' value. From engineering point of view the difference is small ( less than 1.7 ../ 1" ). 
CONCLUSION
It has been shown that the imposition of only w = 0 along the simply supported curved boundary is quiet sufficient to get very good results in case of thin plates. From engineering point of view we can, by this way, avoid the wrong results predicted by Babutka paradox and a safe use of existing codes is expected.
